The literature on disease in lower animals offers very little information as to possible variations in resistance or susceptibility of different animal groups to the development of neoplasms. Observations on captive wild mammals and birds have indicated, however, that all taxonomic groups may not be equally affected and that there may be distinct differences in organ and tissue susceptibility to tumor growth.
The literature on disease in lower animals offers very little information as to possible variations in resistance or susceptibility of different animal groups to the development of neoplasms. Observations on captive wild mammals and birds have indicated, however, that all taxonomic groups may not be equally affected and that there may be distinct differences in organ and tissue susceptibility to tumor growth.
A review (1) of the autopsy records of more than 5000 wild mammals and birds dying in the Philadelphia Zoological Gardens has shown that tumors occurred in about 2 per cent of all specimens. Mammals were much more frequently affected than were birds, although the latter were much more numerous in this series. The incidence of tumors also varied widely for different taxonomic groups (orders) of both mammals and birds.
The neoplasms found in these animals involved a variety of tissues, but the gastro-intestinal tract and related organs of mammals and the renal-adrenal-gonad tissues of birds, respectively, were more frequently the sites of tumor growth than other parts of the bodies. The skin of birds and the mucocutaneous junction of both birds and mammals were rarely affected by neoplasms.
The present report is a second survey of all cases of tumors that have been found in wild birds and mammals dying in the Philadelphia Zoological Gardens from 1901 to 1932. 2 Those instances discussed in earlier publications (1, 2) have been reexamined and included in the present discussion.
The material available for study has almost doubled in volume since the first review was completed (1921) , and the present study has been undertaken to determine how well the earlier indications would be supported by more extended observations. Tumor diagnoses are based upon criteria employed in human pathology. The neoplasms of lower animals differ in no essential respect from those of man. Designations of malignancy offer the same possibilities of personal interpretation. Many of the individual cases have been discussed elsewhere ( 1, 2, 3) , so that morphology of tumors will not be treated here.
Consideration has been limited to those cases in which parasitism and irritations imposed by conditions of captivity had no obvious r61e. Hence the following tumor-like formations have been omitted: adenomata of the thyroid of all animals, except in cases of definite malignancy with metastasis to other organs, papillomata of the esophagus of quail (Lophotryz) infested with Capillaria, sarcomatoid nodules of the ceca of pheasants infested with Heterakis, fibromata of the esophagus and stomach of animals infested with Spirocerca, and fibromata of the feet of birds. The last mentioned growths are thought to be the result of incorrect perches. In addition to these, 10 other cases for which records were incomplete are omitted also.
Cases are grouped according to the zoological order and family. Tables have been prepared giving name, sex, individual and average exhibition periods, type, origin and behavior of tumors, numbers of animals in the order and in those families for which sufficient data have accumulated to allow discussion, and the average exhibition periods for order and family. Average exhibition periods for the various groups were obtained from exhibition periods of 50 males and 50 females taken at random from the records. When less than 50 of both sexes were represented, exhibition periods for all specimens were averaged. This has been necessary only for occasional families, since those orders with less than 200 representatives have not been discussed. Exhibition periods and averages of these are given, since they are the only measure of age common to all groups studied. The total specimens for the orders include not only totals for families in which tumors have been found, but all members of that order dying in the Philadelphia Zoological Gardens.
The system of taxonomy used is, in general, that published by the Zoological Society of London (4) and recently adopted by the Zoological Society of Philadelphia. This has necessitated some rearrangement of all groups of animals so that cases described here may not entirely conform to previous publications (1, 2, 3 ).
MAMMALIA
The autopsy records of 10,298 animals available for study at the present time include 3400 mammals, among which 96 tumors in 89 animals have been found. These cases were distributed among 9 of 14 orders, and,. with the exception of 3 of them, are listed individually in Tables I to V.   TABLE I Primates (Name, sex, individual and average exhibition periods, and type, origin, and behavior of tumors for t h e affected animals; number of specimens examined and average exhibition periods for t h e order and affected families.)
The order Primates, with the largest number of specimens among the Mammalia, had the lowest incidence of tumors in this class, and the shortest average exhibition period as well. Six of the 8 tumor bearers were members of the family Cercopithecidae, which also included more than half of the total for the order. The tumor incidence for this family, and the average exhibition period, were very low as compared to other families of mammals.
The average exhibition period for the tumor bearers of the order Primates was more than six times that for all animals of this group. In the family Cercopithecidae the average exhibition period for tumor bearers was about eight times that for all animals. These differences considerably exceed those of any other order or family of either mammals or birds.
The order Carnivora was second in number of specimens among the mammals and was also second in frequency of neoplasms. 
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Thirty-six tumors were found in 33 animals belonging to this order. The average age for the tumor bearers was less than three times that for the order.
Five families of this order were represented among the animals having tumors. These were: the Felidae, Canidae, Viverridae, Procyonidae, and Ursidae. Tumor incidence per family varied between 4.0 per cent for the Procyonidae with 125 autopsies, and 7.54 per cent in the Viverridae with 53 autopsies.
Other families of the order Carnivora, except the Mustelidae, were represented by very few autopsies. The Mustelidae, however, had 125 representatives on record and an average exhibition period of 31.7 months. These animals are similar in size and habits to the Procyonidae and Viverridae and live equally well in captivity. The absence of tumors among them is, therefore, noteworthy.
The order Perissodactyla included only 39 animals in the present series. Heretofore it had been grouped with the Artiodactyla as the order Ungulata. The order Artiodactyla was third among the mammals in numbers examined, and fourth in incidence of neoplasms. The family Bovidae, with approximately 40 per cent of the total specimens in this order, also includes 6 of the 11 tumor bearers. Two other families, the Suidae and Camelidae, represented by small numbers of specimens, included 2 tumor bearers each, while the family Cervidae, which included 45 per cent of the total of the order, was represented by a single case among the tumor bearers. The Cervidae live and breed well in captivity although the average exhibition period has been considerably less than that for the order. However, in numbers examined and length of life in captivity the Cervidae may be compared to the Bovidae. The rarity of neoplasms among these animals is, therefore, noteworthy.
The order Rodentia was fourth in magnitude among the mammals, but the incidence of neoplasms was higher than in any other order of either mammals or birds. The average exhibition period for this order exceeded that for the Primates.
The distribution of the tumor bearers among a relatively large number of families, none of which is well represented in total specimens, renders further discussion difficult. However, one family, the Muridae, should be mentioned. This family, with 10 tumor bearers among 67 animals, had the highest tumor incidence of any comparable group of either mammals or birds.
The order Marsupialia was fifth in magnitude among the mammals and third in frequency of neoplasms. The average exhibition period for the order was considerably lowered because of the relatively short exhibition period of one family, the Didelphyidae. This family included more than half of the total for the order.
In addition to the orders discussed, three others included one tumor bearer each : the Zenarthra with 50 autopsies, the Pinnipedia with 34 autopsies, and the Proboscidea with 4 autopsies.
AVES
The autopsy records of 10,298 animals included 6898 birds, among which 82 tumors in 81 animals have been found. These cases are distributed among 14 of 29 orders. Only 4 of these, however, will be considered in detail (see Tables V I to IX) .
The order Psittaciformes, with 42 tumor bearers among 1175 specimens, had the highest incidence of neoplasms and the second largest number of representatives in the class Aves. All but 50 of the specimens in this order were members of the family Psittacidae, in which were included, also, the 42 tumor-bearing animals. The average exhibition period for the tumor bearers was less than twice as great as that for the order.
A single species, Melopsittacus undulatus, with 177 autopsies, was involved in 28 of the 42 cases, giving an incidence of tumors of 15.81 per cent. This frequency for a species is unparalleled among either birds or mammals.
The order Galliformes was second among the Aves in tumor incidence. All of the tumor bearers in this order were members of a single family, the Phasianidae, which included all but 78 animals in the order. The average exhibition period for tumor bearers was less than twice as great as that for the order.
The order Anseriformes, consisting of but a single family, the Anatidae, was third in tumor incidence. Sarcomatous growths predominated in this group, but with so small a series this is hardly of significance] especially since three epithelial tumors of renal origin could not be included because of incomplete records. 
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The order Passeriformes was by far the largest group included here, but tumor incidence was lower than for any comparable group of either birds or mammals. The average exhibition period of the tumor bearers was about twice that for the order.
This order included a very large number of similar varieties, all of which were maintained under much the same conditions, and the tumor bearers were distributed among 5 families. The family Fringillidae, with 71 9 autopsies and an average exhibition period of 27.6 months, included 5 tumor bearers. The family Ploceidae, with 1059 specimens and an average exhibition period of 36.9 months, included 3. The other 3 families had slightly more than 100 representatives each. The single case listed in the family Icteridae was included as evidence for tumors in birds under natural conditions. This bird, a fan-tailed grackle, was found dead in the garden.
In addition to the cases tabulated, tumors were found in birds belonging to 10 other orders. The orders Accipitriformes and Strigiformes included 2 cases each. Eight other orders each had a single case. The data given in the preceding tables are summarized and compared with the survey of 1921 in Table X. The increase in total specimens of both mammals and birds over the eleven-year period from 1921 to 1932 was accompanied by a proportional increase in the numbers of neoplasms discovered. There have been no pronounced variations of the incidence of tumors per order of mammals. Changes have occurred, but are slight, and have resulted in only one change of relative frequency, that between the orders Carnivora and Marsupialia.
The situation is much the same among the 4 orders of birds.
The order Galliformes, now second in frequency of tumors, is the only group to show a pronounced increase. The apparent decrease of tumor incidence for the order Anseriformes is explained by the fact that 3 cases could not be included. The orders Accipitriformes, Strigiformes, and Columbiformes have not shown in-creases in tumors comparable to other avian groups, but the numbers in these 3 orders are too small to allow adequate discussion. There are at least two possible explanations for the fact that relative tumor incidence has remained unchanged in this series.
(1) Susceptibility to tumor growth may be equal in all of the groups studied, but unequal adaptability to captive conditions may not allow equal opportunity for tumor development; or (2) the dif- ---ferences in tumor incidence found in this series may be expressions of natural resistance or susceptibility to neoplasia. A test of either possibility is dependent upon the following assumptions: (1) The average relative ages of different orders and families are equal when the animals enter the collection, and (2) the percentages of tumor bearers in any group will increase as the average age increases. Thus, if susceptibility to tumor development be equal in all groups, the incidence of tumors will be proportional to the ratio of the average exhibition periods to the families of mammals. The figures given are based upon known sexual maturity periods of related domesticated species and observations on wild animals that breed in captivity. A t best the maturity periods and longevities given in Table XI are ap- proximations.
Limiting discussion to the families, it is seen that, in general, those for which the ratio of average captivity period to the estimated longevity is low have a relatively high incidence of neoplasms. For instance, the families Viverridae, Ursidae, and Canidae have more than 5 per cent of their numbers affected by neoplasms, and the ratio of average exhibition period to estimated longevity is under 1 to 4. Conversely in those families for which this ratio is high the percentage of tumor bearers is low (Cercopithecidae, Macropodidae, and Didelphyidae).
It is also seen, from this tabulation, that, in general, the percentage of tumor bearers per family has a similar relationship t o the ratio of the average exhibition period for all animals in the family to the average exhibition period for tumor bearers. In either case the percentage of tumors in most families of mammals increases as the average age (exhibition period) increases. However, age alone does not explain the incidence of tumors in all mammalian families. The Mustelidae, Cervidae, and Cebidae compare well both in numbers autopsied and average length of life with other families of their respective orders, but these animals have developed very few neoplasms. Accordingly they are cited as possible examples of natural resistance to tumor development. Conversely the high incidence of tumors among the Muridae may be taken as indicating natural susceptibility to tumor growth.
Since sexual maturity periods and longevities for wild birds are so imperfectly known, the differences in tumor incidence among the avian families have been compared only in terms of the ratio of average exhibition periods for all specimens in the family to the average exhibition period for tumor bearers (see Table XII ).
The ratio of average exhibition periods for the avian families to average exhibition period for tumor bearers of the families, in general, bears the same relation to tumor incidence as among the mammals. But, while there are wide differences in incidence of tumors per family of birds, the variations of the ratio of average exhibition period for the family to average exhibition period for tumor bearers in the family are not nearly so striking as with the mammals.
However, it does not seem that age alone can explain the high percentage of tumor bearers in the genus Melopsittacus, the undulated grass parrakeets. The average exhibition period of these birds is no greater than that of the small song birds, Fringillidae, and other avian groups which have a very much lower percentage of tumors (see Table XII ). Hence the undulated grass parrakeet, Melopsittacus undulatus, is cited as a possible example of naturally occurring susceptibility to tumor growth.
The very low incidence of tumors in the Passerine family Ploceidae may, perhaps, be taken as a further example of natural resistance to tumor development. The ratio of average exhibition period for the family Ploceidae to average exhibition period for tumor bearers of the family is less than 1 : 2, but tumor incidence is very low, 0.28 per cent. More than 1000 birds belonging to this family were examined post mortem.
Further analysis of the tumors occurring in this series of wild Thyroid animals, in terms of the organs involved and tissues serving as foci of neoplastic change (Table XIII) , shows that the digestive tract of mammals was the predominant site of tumor formation, and that epithelial new-growths uccurred much more frequently than those of fibrous tissue. The genito-urinary organs, the respiratory tract, and the skin and accessory structures also were often involved, and epithelium rather than fibrous tissues again predominated as the focus of tumor growth. The genito-urinary organs of birds were the most important sites of tumor growth, and by far the greater number developed from epithelium. Tissues of the digestive tract and related structures also were frequently involved.
Adrenal
These observations apply in a general way to all of the orders of mammals and birds, that is, the averages of organ system and tissue involvement for the classes apply very well to the distribution of tumors in the various orders. The notable exception was tumor formation in the integument of mammals, in which only 3 orders were involved, and for one of these, the Rodentia, more tumors occurred in the surface structures than in any of the organ systems. The absence of neoplasms of the skin among horned animals, Artiodactyla, that are exhibited in large groups is noteworthy. It is of interest, also, that no skin tumors are recorded for birds. The one case of skin tumor found among birds could not be included because of incomplete records.
DISCUSSION
The data presented here are the results of observation on wild animals that have lived in an abnormal environment. Whether or not they are applicable to life under natural conditions may be questioned. However, the attempt has been made to eliminate cases in which abnormal stimuli, such as animal parasites and incorrect housing facilities, may have induced chronic tissue repair, The importance of unnatural diet and dietary deficiencies, and the lack of natural associations and activities, in the production of tumors should be considered, although these influences are by no means definite. It may well be that those mammalian and avian families cited as possible examples of immunity or susceptibility to tumor growth have been influenced by captivity and that their reactions under natural conditions would be entirely different.
It is not intended, however, that these observations be regarded as conclusive in any way. They are merely to be taken as an index of variations of tumor growth in the various animal types available for study at this institution.
Within these limits the records analyzed here seem to allow the following tentative generalizations : (1) Incidence of neoplasms for various orders and families of mammals and birds as found in the Philadelphia Zoological Gardens is apparently chiefly dependent upon two factors: average age of the group, and resistance or susceptibility to neoplasia. (2) Epithelial tissues of the organs of the digestive tract of mammals and the genito-urinary apparatus of birds are more often subject to tumor growth than other parts of the bodies. .(3) The class Aves is less affected by tumor growth than is the class Mammalia.
There is little support for these assertions in the reports of post-mortem observations on animals dying in the gardens of the Zoological Society of London (7). According to the publications of this Society, the incidence of tumors among mammals and birds dying in their gardens was less than half that for the Philadelphia collection. However, the relative frequency of tumors among birds and mammals was approximately the same as reported here, although tumors of fibrous tissues occurred more often, especially among birds.
The yearly death rate of animals exhibited in the London gardens has been 5 to 10 per cent higher than that in the Philadelphia gardens (8), and in those reports (9) giving death rates for both mammals and birds, the latter have had the lower frequency. In general, the reverse has been true for the Philadelphia gardens, mammals usually having had a lower yearly death rate (8). Hence it is difficult to explain the consistently lower frequency of tumors among birds as compared to mammals, although the higher death rates for the London gardens may account for the higher frequency of fibrous-tissue tumors.
Studies on neoplasms of domesticated animals also offer little in support of the assertions made here with regard to the occurrence of tumors in lower animals. The records compiled by Feldman (10) show that, for the horse, cow, and dog, tumors increase in frequency as age increases. Records of tumors in other domesticated species are scanty. It is extremely difficult to compare reports of neoplasms in domesticated animals with observations on related wild species. Animals used for food receive post-mortem study, but this rarely is extended to microscopy of tumors, and, the animals being slaughtered at a relatively early age, the incidence of tumors means very little. Many of the reports of tumors in domesticated animals have been concerned with a single type of neoplasm, without consideration of the relative frequency of other forms. So far as can be determined from available information, however, epithelial tumors rather than those of fibrous tissues predominate in dogs and cattle, while the reverse is true for horses. The skin and accessory structures of the dog, the gastro-intestinal organs of the cow, and the genito-urinary organs of the horse appear to be the important sites of tumor development. The common fowl seems to be the only domesticated avian species that has been well studied, and here the organs of the genitourinary apparatus have been most frequently affected by tumors.
However, in view of the incompleteness of available data, it may be said that there are no clear-cut examples among domesticated animals of racial resistance or susceptibility to tumor development that are entirely comparable to the instances observed among captive wild animals in the Philadelphia Zoological Gardens.
SUMMARY
The incidence of neoplasms for the orders and families of birds and mammals dying in the Philadelphia Zoological Gardens has shown very little variation over a period of eleven years. The percentage of animals in most orders and families that are affected by tumor growth is proportional to the average exhibition period of the group. That is, as age increases, incidence of tumors increases. Certain families of both birds and mammals have, however, a much lower incidence than should be expected from the average age for the group. Other avian and mammalian groups have much higher percentages of tumor bearers than the average age seems to warrant.
Mammals, generally, are more subject to new growths of the digestive organs and birds to new growths of genito-urinary organs than to neoplasms affecting other parts of the bodies.
The class Aves is, as a whole, less subject to tumor growth than the Mammalia.
